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(57) ABSTRACT 

Extended rhodamine compounds exhibiting favorable ?uo 
rescence characteristics having the structure 

are disclosed. In addition, novel intermediates for synthesis 
of these dyes are disclosed, such intermediates having the 
structure 

YYN 
21 OH 

R12 

R9 

In addition, methods of making and using the dyes as 
?uorescent labels are disclosed. 

18 Claims, No Drawings 
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NUCLEIC ACIDS LABELLED WITH 
EXTENDED RHODAMINE DYES 

This application is a division of application Ser. No. 
09/325,243, ?led Jun. 3, 1999, now US. Pat. No. 6,248,884 
Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates generally to ?uorescent dye com 
pounds. More speci?cally, this invention relates to extended 
rhodamine dyes useful as ?uorescent labeling reagents. 

BACKGROUND 

The non-radioactive detection of biological analytes uti 
liZing ?uorescent labels is an important technology in mod 
ern molecular biology. By eliminating the need for radio 
active labels, safety is enhanced and the environmental 
impact and costs associated With reagent disposal is greatly 
reduced. Examples of methods utiliZing such non 
radioactive ?uorescent detection include automated DNA 
sequencing, oligonucleotide hybridiZation methods, detec 
tion of polymerase-chain-reaction products, immunoassays, 
and the like. 

In many applications it is advantageous to employ mul 
tiple spectrally distinguishable ?uorescent labels in order to 
achieve independent detection of a plurality of spatially 
overlapping analytes, i.e., multiplex ?uorescent detection. 
Examples of methods utiliZing multiplex ?uorescent detec 
tion include single-tube multiplex DNA probe assays and 
multi-color automated DNA sequencing. In the case of 
multiplex DNA probe assays, by employing multiplex ?uo 
rescent detection, the number of reaction tubes may be 
reduced thereby simplifying experimental protocols and 
facilitating the production of application-speci?c reagent 
kits. In the case of multi-color automated DNA sequencing, 
multiplex ?uorescent detection alloWs for the analysis of 
multiple nucleotide bases in a single electrophoresis lane 
thereby increasing throughput over single-color methods 
and reducing uncertainties associated With inter-lane elec 
trophoretic mobility variations. 

Assembling a set of multiple spectrally distinguishable 
?uorescent labels useful for multiplex ?uorescent detection 
is problematic. Multiplex ?uorescent detection imposes at 
least six severe constraints on the selection of component 
?uorescent labels, particularly for applications requiring a 
single excitation light source, an electrophoretic separation, 
and/or treatment With enZymes, e.g., automated DNA 
sequencing. First, it is dif?cult to ?nd a set of structurally 
similar dyes Whose emission spectra are spectrally resolved, 
since the typical emission band half-Width for organic ?uo 
rescent dyes is about 40—80 nanometers Second, even 
if dycs With non-overlapping emission spectra are idcnti?cd, 
the set may still not be suitable if the respective ?uorescent 
quantum efficiencies are too loW. Third, When several ?uo 
rescent dyes are used concurrently, simultaneous excitation 
becomes dif?cult because the absorption bands of the dyes 
are usually Widely separated. Fourth, the charge, molecular 
siZe, and conformation of the dyes must not adversely affect 
the electrophoretic mobilities of the analyte. Fifth, the 
?uorescent dyes must be compatible With the chemistry used 
to create or manipulate the analyte, e.g., DNA synthesis 
solvents and reagents, buffers, polymerase enZymes, ligase 
enZymes, and the like. Sixth, the dye must have suf?cient 
photostability to Withstand laser excitation. 

Currently available multiplex dye sets suitable for use in 
four-color automated DNA sequencing applications require 
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2 
blue or blue-green laser light to adequately excite ?uores 
cence emissions from all of the dyes making up the set, e.g., 
argon-ion lasers. Use of such lasers in commercial auto 
mated DNA sequencing systems is disadvantageous because 
of their high cost and limited lifetime. 

Thus, there exists a need for ?uorescent dye compounds 
Which satisfy the above constraints and are excitable by laser 
light having a Wavelength above about 630 nm. 

SUMMARY 

The present invention is directed toWards our discovery of 
a class of extended rhodamine dye compounds suitable for 
the creation of sets of spectrally-resolvable ?uorescent 
labels useful for multiplex ?uorescent detection. The subject 
dye compounds are particularly Well suited for use in 
automated ?uorescence-based DNA sequencing systems 
using an excitation light source having a Wavelength greater 
than about 630 nm, e.g., a helium-neon gas laser or a solid 
state diode laser. 

In a ?rst aspect, the invention comprises an extended 
rhodamine compound having the structure 

Wherein the composition of moieties R1 through R11, R13, 
and Y1 through Y4 are as folloWs. Taken alone, R1 through 
R7, R9 through R11, and R13 is each independently selected 
from the group consisting of —H, alkyl, alkyl independently 
substituted With one or more Z1, heteroalkyl, heteroalkyl 
independently substituted With one or more Z1, aryl, aryl 
independently substituted With one or more Z1, heteroaryl, 
heteroaryl independently substituted With one or more Z1, 
arylalkyl, arylalkyl independently substituted With one or 
more Z1, heteroarylalkyl, heteroarylalkyl independently 
substituted With one or more Z1, halogen, —OS(O)2OR, 
—S(O)2OR, —S(O)2R, —S(O)2NR, —S(O)R, —OP(O) 
O2RR—, P(O)O2RR, —C(O)OR, —NRR, —NRRR, —NC 
(O)R, —C(O)R, —C(O)NRR, —CN, and —OR. As used 
here, and throughout this Summary section, each R may be 
independently —H, alkyl, heteroalkyl, aryl, heteroaryl, 
arylalkyl, heteroarylalkyl or linking group, and each Z1 may 
be independently any one of —R, halogen, —OS(O)2OR, 
—S(O)2OR, —S(O)2R, —S(O)2NR, —S(O)R, —OP(O) 
O2RR—, P(O)O2RR, —C(O)OR, —NRR, —NRRR, —NC 
(O)R, —C(O)R, —C(O)NRR, —CN, —O or —OR. 

R8 is selected from the group consisting of —H, alkyl, 
alkyl independently substituted With one or more Z1, 
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heteroalkyl, heteroalkyl independently substituted With one 
or more Z1, aryl, aryl independently substituted With one or 
more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, heteroary 
lalkyl independently substituted With one or more Z1. 

Taken alone, nitrogen substituents Y1 through Y4 are each 
independently selected from the group consisting of —H, 
alkyl, alkyl independently substituted With one or more Z1, 
heteroalkyl, heteroalkyl independently substituted With one 
or more Z1, aryl, aryl independently substituted With one or 
more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, and het 
eroarylalkyl independently substituted With one or more Z1. 

Alternatively, rather than being taken alone, substituents 
R1 through R7, R9 through R11, R13, Y1 through Y4 can be 
taken together in various selected combinations. In 
particular, R1 may be taken together With R2, Y1 or Y2, R2 
may be taken together With R1, R3 may be taken together 
With R4, R4 may be taken together With R3, Y3 or Y4, R5 may 
be taken together With R6, Y3 or Y4, R6 may be taken 
together With R5, R7, Y3 or Y4, R7 may be taken together 
With R6, R9 may be taken together With R10, R10 may be 
taken together With R9 or R11, R11 may be taken together 
With Rlo,Y1 or Y2, R13 may be taken together With Y1 or Y2, 
Y1 may be taken together With R1, R11, or Y2, Y2 may be 
taken together With R1, R11, or Y1, Y3 may be taken together 
With R4, R5, R6, R13, or Y4, or Y4 may be taken together With 
R4, R5, R6, R13, or Y3. 

In a second aspect, the invention comprises intermediate 
compounds useful for the synthesis of the eXtended 
rhodamine compounds of the ?rst aspect, such intermediates 
having the structure 

R1 
R2 

YYN 
21 OH 

R12 

R10 
R9 

Wherein the composition of moieties R1, R2, R9 through R12, 
Y1 and Y2 are as folloWs. Taken alone, R1, R2, R9, R10 and 
R11 is each independently selected from the group consisting 
of —H, alkyl, alkyl independently substituted With one or 
more Z1, heteroalkyl, heteroalkyl independently substituted 
With one or more Z1, aryl, aryl independently substituted 
With one or more Z1, heteroaryl, heteroaryl independently 
substituted With one or more Z1, arylalkyl, arylalkyl inde 
pendently substituted With one or more Z1, heteroarylalkyl, 
heteroarylalkyl independently substituted With one or more 

Z1, halogen, —OS(O)2OR, —S(O)2OR, —S(O)2R, —S(O)2 
NR, —S(O)R, —OP(O)O2RR, —P(O)O2RR, —C(O)OR, 
—NRR, —NRRR, —NC(O)R, —C(O)R, —C(O)NRR, 
—CN, and —OR. 

R12 is selected from the group consisting of —H and 
—C(O)R8, Wherein R8 is selected from the group consisting 
of —H, alkyl, alkyl independently substituted With one or 
more Z1, heteroalkyl, heteroalkyl independently substituted 
With one or more Z1, aryl, aryl independently substituted 
With one or more Z1, heteroaryl, heteroaryl independently 
substituted With one or more Z1, arylalkyl, arylalkyl inde 
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4 
pendently substituted With one or more Z1, heteroarylalkyl, 
heteroarylalkyl independently substituted With one or more 

Z1. 
Taken alone, nitrogen substituents Y1 and Y2 are each 

independently selected from the group consisting of —H, 
alkyl, alkyl independently substituted With one or more Z1, 
heteroalkyl, heteroalkyl independently substituted With one 
or more Z1, aryl, aryl independently substituted With one or 
more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, and het 
eroarylalkyl independently substituted With one or more Z1. 

Alternatively, rather than being taken alone, moieties R1, 
R2, R9, R10, R11, Y1 and Y2 can be taken together in various 
selected combinations. In particular, R1 may be taken 
together With R2, Y1 or Y2, R2 may be taken together With 
R1, R9 may be taken together With R10, R10 may be taken 
together With R9 or R11, R11 may be taken together With R10, 
Y1 or Y2, Y1 may be taken together With R1, R11, or Y2, Y2 
may be taken together With R1, R11, or Y1. 

In a third aspect, the invention comprises nucleotide 
compounds labeled With the eXtended rhodamine dyes of the 
invention, such nucleotides having the structure 

Wherein NUC is a nucleoside/tide or nucleoside/tide analog; 
L is a linkage; and D is an eXtended rhodamine dye com 
pound of the ?rst aspect. If NUC comprises a purine base, 
the linkage is attached to the 8-position of the purine, if NUC 
comprises a 7-deaZapurine base, the linkage is attached to 
the 7-position of the 7-deaZapurine, and if NUC comprises 
a pyrimidine base, the linkage is attached to the 5-position 
of the pyrimidine. 

In a fourth aspect, the invention comprises a fragment 
analysis method comprising the steps of forming one or 
more labeled polynucleotide fragments, the fragments being 
labeled With an eXtended rhodamine compound of the ?rst 
aspect; resolving the one or more labeled polynucleotide 
fragments; and detecting the resolved labeled polynucle 
otide fragments. 

Various aspects and/or embodiments of the above 
described invention may achieve one or more of the folloW 
ing important advantages over knoWn ?uorescent dye com 
pounds useful for multipleX ?uorescent detection: (1) the 
subject dye compounds may be ef?ciently excited by a 
loW-cost red laser using Wavelengths at or above 630 nm; (2) 
the emission spectra of the subject dye compounds can be 
modulated by minor variations in the type and location of 
nitrogen and/or aryl-substituents, alloWing for the creation 
of dye sets having similar absorption characteristics yet 
spectrally resolvable ?uorescence emission spectra; (3) the 
subject dye compounds may be easily attached to 
nucleosides/tides or polynucleotides Without compromising 
their favorable ?uorescence properties; (4) the subject dye 
compounds have narroW emission bandWidths, i.e., the 
emission bandWidth has a full-Width at half the maXimum 
emission intensity of beloW about 70 nm; (5) the subject dye 
compounds are highly soluble in buffered aqueous solution 
While retaining a good quantum yield; (6) the subject dye 
compounds are relatively photostable; and (7) the subject 
dye compounds have relatively large extinction coef?cients, 
i.e., greater than about 50,000. 

These and other features and advantages of the present 
invention Will become better understood With reference to 
the folloWing detailed description and appended claims. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference Will noW be made in detail to the preferred 
embodiments of the invention, examples of Which are illus 
trated in the accompanying drawings. While the invention 
Will be described in conjunction With the preferred 
embodiments, it Will be understood that they are not 
intended to limit the invention to those embodiments. On the 
contrary, the invention is intended to cover alternatives, 
modi?cations, and equivalents, Which may be included 
Within the scope of the invention as de?ned by the appended 
claims. 

Generally, the present invention comprises a novel class 
of extended rhodamine dye compounds useful as ?uorescent 
labels, methods and intermediates for synthesis of such dyes, 
reagents employing such dyes, and methods utiliZing such 
dyes and reagents in the area of analytical biotechnology. 
The compounds of the present invention ?nd particular 
application in the area of ?uorescent nucleic acid analysis, 
e.g., automated DNA sequencing and fragment analysis, 
detection of probe hybridiZation in hybridiZation arrays, 
detection of nucleic acid ampli?cation products, and the 
like. 

I. De?nitions 

Unless stated otherWise, the folloWing terms and phrases 
as used herein are intended to have the folloWing meanings: 

“Alkyl” refers to a saturated or unsaturated, branched, 
straight chain or cyclic monovalent hydrocarbon radical 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent alkane, alkene or alkyne. Typical 
alkyl groups include, but are not limited to, methyl (—CH3); 
ethyls such as ethanyl (—CH2—CH3), ethenyl 
(—CH=CH2), ethynyl (—CECH); propyls such as 
propan-l-yl (—CH2—CH2—CH3), propan-2-yl 
cyclopropan-l-yl, prop-1-en-1-yl (—CH=CH—CH2), 
prop-1-en-2-yl, prop-2-en-1-yl (—CH2—CH=CH2), prop 
2-en-2-yl, cycloprop-l-en-l-yl; cycloprop-2-en-1-yl, prop 
1-yn-1-yl (—CEC—CH3), prop-2-yn-1-yl (—CH2— 
CECH), etc.; butyls such as butan-1-yl (—CH2—CH2— 
CH2—CH3), butan-2-yl, cyclobutan-l-yl, but-1-en-1-yl 
(—CH=CH2—CH2—CH3), but-1-en-2-yl, but-2-en-1-yl 
(—CH2—CH=CH2—CH3), but-2-en-2-yl, buta-1,3-dien 
1-yl (—CH=CH—CH=CH2), buta-1,3-dien-2-yl, 
cyclobut-l-en-l-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien 
l-yl, but-1-yn-1-yl (—CEC—CH2—CH3), but-1-yn-3-yl, 
but-3-yn-1-yl (—CH2—CH2—CECH), etc.; and the like. 
In preferred embodiments, the alkyl groups are (C1—C6) 
alkyl, With (C1—C3) being particularly preferred. 

“Alkyleno” refers to a saturated or unsaturated, straight 
chain or branched acyclic hydrocarbon bridge radical 
derived by the removal of one hydrogen atom from each of 
the tWo terminal carbon atoms of an acyclic parent alkane, 
alkene or alkyne. Typical alkyleno groups include, but are 
not limited to, methano (—CH2—); ethylenos such as 
ethano (—CH2—CH2—), etheno (—CH=CH—), ethyno 
(—CEC—); propylenos such as propano (—CH2—CH2— 
CH2—), prop[1]eno (—CH=CH—CH2—), prop[2]eno 
(—CH2—C=CH—), prop[1]yno (—CEC—C2—), prop 
[1]yno (—CH2—CEC—), etc.; butylenos such as butano 
(—CH2—CH2—CH2—CH2—), but[1]eno (—CH=CH— 
CH2—CH2—), but[2]eno (—CH2—CH=CH—CH2—), 
buta[1,3]dieno (—CH=CH—CH=CH2—), but[1]yno 
(—CEC—CH2—CH2—), but[2]yno (—C—CECH2— 
CH2—), but[1,3]diyno (—CEC—(‘EC—), etc.; and the 
like. In preferred embodiments, the alkyleno group is 
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6 
(C2—C6) alkyleno, With (C2—C3) being particularly preferred. 
Also preferred are straight chain saturated alkano radicals, 
e.g., ethano, propano, butano, and the like. 

“Substituted alkyl” and “substituted alkyleno” refer to 
alkyl and alkyleno radicals, respectively, in Which one or 
more hydrogen atoms are each independently replaced With 
another substituent. Typical substituents include, but are not 
limited to, —X, —R, —O‘, —OR, —SR, —S‘, —NRR, 
=NR, —CX3, —CN, —OCN, —SCN, —NCO, —NCS, 
—NO, —NO2, =N2, —N3, —S(O)2O; —S(O)2OH, 
—S(CDZR, —P(O>(O-)2, —P(O)(OH)2, —C(O)R, —C(O) 
X, —C(S)R, —C(O)OR, —C(O)O‘, —C(S)OR, —C(O)SR, 
—C(S)SR, —C(O)NRR, —C(S)NRR and —C(NR)NRR, 
Where each X is independently a halogen and each R is 
independently —H, alkyl, aryl, arylalkyl, heteroaryl or het 
eroarylalkyl. Particularly preferred substituents are halogen, 
—OS(O)2OR, —S(O)2OR, —S(O)2R, —S(O)2NR, —S(O) 
R, —OP(O)O2RR, —P(O)O2RR, —C(O)OR, —NRR, 
—NRRR, —NC(O)R, —C(O)R, —C(O)NRR, —CN, —O 
and —OR, Wherein R is independently selected from the 
group consisting of —H, alkyl, heteroalkyl, aryl, heteroaryl, 
arylalkyl, heteroarylalkyl and linking group. 

“Heteroalkyl” and “heteroalkyleno” refer to alkyl and 
alkyleno radicals in Which one or more carbon atoms are 
independently replaced With the same or different heteroa 
toms. Typical heteroatoms to replace the carbon atom(s) 
include, but are not limited to, N, P, O, S, Si, etc. 

“Substituted heteroalkyl” and “substituted heteroalky 
leno” refer to heteroalkyl and heteroalkyleno radicals in 
Which one or more hydrogen atoms are each independently 
replaced With another substituent. Typical substituents 
include, but are not limited to, —X, —R, —O‘, —OR, 
—SR, —S‘, —NRR, =NR, —CX3, —CN, —OCN, 
—SCN, —NCO, —NCS, —NO, —NO2, =N2, —N3, 
—$(O)2O‘*> “03cm, —S(O)ZR, —P(O>(O-)2, —P(O> 
(OH)2, —C(O)R, —C(O)X, —C(S)R, —C(O)OR, —C(O) 
O‘, —C(S)OR, —C(O)SR, —C(S)SR, —C(O)NRR, 
—C(S)NRR and —C(NR)NRR, Where each X is indepen 
dently a halogen and each R is independently —H, alkyl, 
aryl, arylalkyl, heteroaryl or heteroarylalkyl. Particularly 
preferred substituents are halogen, —OS(O)2OR, —S(O)2 
OR, —S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, 
—P(O)O2RR, —C(O)OR, —NRR, —NRRR, —NC(O)R, 
—C(O)R, —C(O)NRR, —CN, —O and —OR, Wherein R is 
independently selected from the group consisting of —H, 
alkyl, heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl 
and linking group. 

“Aryl” refers to an unsaturated cyclic or polycyclic 
monovalent hydrocarbon radical having a conjugated at 
electron system derived by the removal of one hydrogen 
atom from a single carbon atom of a parent aromatic ring 
system. Speci?cally included Within “aromatic ring sys 
tems” are fused ring systems in Which one or more rings are 
aromatic and one or more rings are saturated or unsaturated, 
such as, for eXample, indane, indene, phenalene, etc. Also 
included Within “aromatic ring systems” are non-fused ring 
systems in Which tWo or more identical or non-identical 
cyclic or polycyclic aromatic ring systems are joined 
directly together by a single bond, Where the number of such 
direct ring junctions is one less than the number of aromatic 
ring systems involved. Typical aryl groups include, but are 
not limited to, radicals derived from aceanthrylene, 
acenaphthylene, acephenanthrylene, anthracene, aZulene, 
benZene, chrysene, coronene, ?uoranthene, ?uorene, 
heXacene, heXaphene, heXalene, as-indacene, s-indacene, 
indane, indene, naphthalene, octacene, octaphene, octalene, 
ovalene, penta-2,4-diene, pentacene, pentalene, pentaphene, 
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perylene, phenalene, phenanthrene, picene, pleiadene, 
pyrene, pyranthrene, rubicene, triphenylene, trinaphthalene, 
biphenyl, triphenyl, phenyl-naphthyl, binaphthyl, biphenyl 
naphthyl, and the like. In preferred embodiments, the aryl 
group is (C5—C20) aryl, With (C5—C1O) being particularly 
preferred. 

“Aryleno” refers to a divalent cyclic or polycyclic aro 
matic hydrocarbon bridge radical, including aryl radicals, 
derived by the removal of one hydrogen atom from each of 
tWo adjacent carbon atoms of a parent cyclic or polycyclic 
aromatic ring system. Typical aryleno groups include, but 
are not limited to, aceanthryleno, acenaphthyleno, 
acephenanthryleno, anthraceno, aZuleno, benZeno, 
chryseno, coroneno, ?uorantheno, ?uoreno, heXaceno, 
heXapheno, heXaleno, as-indaceno, s-indaceno, indeno, 
naphthaleno, octaceno, octapheno, octaleno, ovaleno, penta 
2,4-dieno, pentaceno, pentaleno, pentapheno, peryleno, 
phenaleno, phenanthreno, piceno, pleiadeno, pyreno, 
pyranthreno, rubiceno, triphenyleno, trinaphthaleno, and the 
like. In preferred embodiments, the aryleno group is 
(C5—C20) aryleno, With (C5—C10) being particularly pre 
ferred. 

“Substituted Aryl and Aryleno” refers to an aryl or 
aryleno radical in Which one or more hydrogen atoms are 
each independently replaced With another substituent. Typi 
cal substituents include, but are not limited to, —X, —R, 
—O‘, —OR, —SR, —S‘, —NRR, =NR, —CX3, —CN, 
—OCN, —SCN, —NCO, —NCS, —NO, —NO2, =N2, 
—N3, —S(O)2O2 —S(OwH, —S(CDZR, —P(O)(o)->2, 
—P(O)(OH)2, —C(O)R, —C(O)X, —C(S)R, —C(O)OR, 
—C(O)O‘, —C(S)OR, —C(O)SR, —C(S)SR, —C(O) 
NRR, —C(S)NRR and —C(NR)NRR, Where each X is 
independently a halogen and each R is independently —H, 
alkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl. Particu 
larly preferred substituents are halogen, —OS(O)2OR, 
—S(O)2OR, —S(O)2R, —S(O)2NR, —S(O)R, —OP(O) 
OZRR, —P(O)O2RR, —C(O)OR, —NRR, —NRRR, —NC 
(O)R, —C(O)R, —C(O)NRR, —CN, —0 and —OR, 
Wherein R is independently selected from the group con 
sisting of —H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkyl, 
heteroarylalkyl and linking group. 

“Heteroaryl” refers to an unsaturated cyclic or polycyclic 
heteroatomic radical having a conjugated at electron system 
derived by the removal of one hydrogen atom from a single 
atom of a parent heteroaromatic ring system. Speci?cally 
included Within “heteroaromatic ring systems” are fused 
ring systems in Which one or more rings are aromatic and 
one or more rings are saturated or unsaturated, such as, for 

eXample, arsindole, chromane, chromene, indole, indoline, 
Xanthene, etc. Typical heteratoms include, but are not lim 
ited to, N, P, O, S, Si etc. Typical heteroaryl groups include, 
but are not limited to, radicals derived from acridine, 
arsindole, carbaZole, [3-carboline, chromane, chromene, 
cinnoline, furan, imidaZole, indaZole, indole, indoline, 
indoliZine, isobenZofuran, isochromene, isoindole, 
isoindoline, isoquinoline, isothiaZole, isoXaZole, 
naphthyridine, oXadiaZole, oXaZole, perimidine, 
phenanthridine, phenanthroline, phenaZine, phthalaZine, 
pteridine, purine, pyran, pyraZine, pyraZole, pyridaZine, 
pyridine, pyrimidine, pyrrole, pyrroliZine, quinaZoline, 
quinoline, quinoliZine, quinoXaline, tetraZole, thiadiaZole, 
thiaZole, thiophene, triaZole, Xanthene, and the like. In 
preferred embodiments, the heteroaryl group is a 5—20 
membered heteroaryl, With 5—10 membered heteroaryl being 
particularly preferred. 

“Heteroaryleno” refers to a cyclic or polycyclic hetero 
atomic bridge derived by the removal of one hydrogen atom 
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8 
from each of tWo adjacent atoms of a parent heterocyclic 
ring system. Typical heteroaryleno groups include, but are 
not limited to, acridino, carbaZolo, [3-carbolino, chromeno, 
cinnolino, furano, imidaZolo, indaZoleno, indoleno, 
indoliZino, isobenZofurano, isochromeno, isoindoleno, 
isoquinolino, isothiaZoleno, isoXaZoleno, naphthyridino, 
oXadiaZoleno, oXaZoleno, perimidino, phenanthridino, 
phenanthrolino, phenaZino, phthalaZino, pteridino, purino, 
pyrano, pyraZino, pyraZoleno, pyridaZino, pyridino, 
pyrimidino, pyrroleno, pyrroliZino, quinaZolino, quinolino, 
quinoliZino, quinoXalino, tetraZoleno, thiadiaZoleno, 
thiaZoleno, thiopheno, triaZoleno, Xantheno, and the like. In 
preferred embodiments, the heteroaryleno group is a 5—20 
membered heteroaryleno, With 5—10 membered heteroaryle 
nos being particularly preferred. 

“Substituted heteroaryl” and “substituted heteroaryleno” 
refers to a heteroaryl or heteroaryleno radical in Which one 
or more hydrogen atoms are each independently replaced 
With another substituent. Typical substituents include, but 
are not limited to, —X, —R, —O‘, —OR, —SR, —S‘, 
—NRR, =NR, —CX3, —CN, —OCN, —SCN, —NCO, 
—NCS, —NO, —NO2, =N2, —N3) ?XOpOZ —S(O)2OH, 
—S(CDZR, —P(O>(O-)2, —P(O>(OH>2, —C(O)R, —C(O>X 
—C(S)R, —C(O)OR, —C(O)O‘, —C(S)OR, —C(O)SR, 
—C(S)SR, —C(O)NRR, —C(S)NRR and —C(NR)NRR, 
Where each X is independently a halogen and each R is 
independently —H, alkyl, alkanyl, alkenyl, alkynyl, aryl, 
arylalkyl, heteroaryl or heteroarylalkyl, as de?ned herein. 
Particularly preferred substituents are halogen, —OS(O)2 
OR, —S(O)2OR, —S(O)2R, —S(O)2NR, —S(O)R, —OP 
(O)O2RR, —P(O)O2RR, —C(O)OR, —NRR, —NRRR, 
—NC(O)R, —C(O)R, —C(O)NRR, —CN, —0 and —OR, 
Wherein R is independently selected from the group con 
sisting of —H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkyl, 
heteroarylalkyl and linking group. 

“Arylalkyl” refers to an acyclic alkyl group in Which one 
of the hydrogen atoms bonded to a terminal carbon atom is 
replaced With an aryl moiety. Typical arylalkyl groups 
include, but are not limited to, benZyl, 2-phenylethan-1-yl, 
2-phenylethen-1-yl, naphthylmethyl, 2-naphthylethan-1-yl, 
2-naphthylethen-1-yl, naphthobenZyl, 
2-naphthophenylethan-1-yl and the like. Where speci?c 
alkyl moieties are intended, the nomenclature arylalkanyl, 
arylakenyl and/or arylalkynyl is used. In preferred 
embodiments, the arylalkyl group is (C6—C26) arylalkyl, i.e., 
the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group 
is (C1—C6) and the aryl moiety is (C5—C2O). In particularly 
preferred embodiments the arylalkyl group is (C6—C13), i.e., 
the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group 
is (C1—C3) and the aryl moiety is (C5—C1O). 

“Substituted arylalkyl” refers to an arylalkyl radical in 
Which one or more hydrogen atoms are each independently 
replaced With another substituent. Typical substituents 
include, but are not limited to, —X, —R, —O", —OR, 
—SR, —S", —NRR, =NR, —CX3, —CN, —OCN, 
—SCN, —NCO, —NCS, —NO, —NO2, =N2, —N3, 
—S(Owt —S(OwH, —S(O>ZR, —P(O)(O+>2, —C(O) 
R, —C(O)X, —C(S)R, —C(O)OR, —C(O)O”, —C(S)OR, 
—C(O)SR, —C(S)SR, —C(O)NRR, —C(S)NRR and 
—C(NR)NRR, Where each X is independently a halogen 
and each R is independently —H, alkyl, alkanyl, alkenyl, 
alkynyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, as 
de?ned herein. Particularly preferred substituents are 
halogen, —OS(O)2OR, —S(O)2OR, —S(O)2R, —S(O)2 
NR, —S(O)R, —OP(O)O2RR,—P(O)O2RR, —C(O)OR, 
—NRR, —NRRR, —NC(O)R, —C(O)R, —C(O)NRR, 
—CN, —O and —OR, Wherein R is independently selected 
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from the group consisting of —H, alkyl, heteroalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyl and linking group. 

“Heteroarylalkyl” refers to an acyclic alkyl group in 
Which one of the hydrogen atoms bonded to a terminal 
carbon atom is replaced With a heteroaryl moiety. Where 
speci?c alkyl moieties are intended, the nomenclature 
heteroarylalkanyl, heteroarylakenyl and/or aheterorylalky 
nyl is used. In preferred embodiments, the heteroarylalkyl 
group is a 6—26 membered heteroarylalkyl, i.e., the alkanyl, 
alkenyl or alkynyl moiety of the heteroarylalkyl is (C1—C6) 
and the heteroaryl moiety is a 5—20-membered heteroaryl. In 
particularly preferred embodiments, the heteroarylalkyl is a 
6—13 membered heteroarylalkyl, i.e., the alkanyl, alkenyl or 
alkynyl moiety is (C1—C3) and the heteroaryl moiety is a 
5—10 membered heteroaryl. 

“Substituted heteroarylalkyl” refers to a heteroarylalkyl 
radical in Which one or more hydrogens are each indepen 
dently replaced With another substituent. Typical substitu 
ents include, but are not limited to, —X, —R, —O", —OR, 
—SR, —S", —NRR, =NR, —CX3, —CN, —OCN, 
—SCN, —NCO, —NCS, —NO, —NO2, =N2, —N3, 
—S(O)2O+, —S(O)2OH, —S(O)2R, —P(O)(O+)2, 13 P(O) 
(OH)2, —C(O)R, —C(O)X, —C(S)R, —C(O)OR, —C(O) 
O", —C(S)OR, —C(O)SR, —C(S)SR, —C(O)NRR, 
—C(S)NRR and —C(NR)NRR, Where each X is indepen 
dently a halogen and each R is independently —H, alkyl, 
alkanyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, as de?ned herein. Particularly preferred 
substituents are halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, —O and —OR, Wherein R is 
independently selected from the group consisting of —H, 
alkyl, heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl 
and linking group. 

“Spectral resolution” in reference to a set of dyes means 
that ?uorescent emission bands of the dyes are suf?ciently 
distinct, i.e., sufficiently non-overlapping, that reagents to 
Which the set of dyes are attached, e.g. polynucleotides, can 
be distinguished on the basis of the ?uorescent emission 
bands generated by each of the individual members of the set 
of dyes using standard photodetection systems, e. g. employ 
ing a system of band pass ?lters and photomultiplier tubes, 
charged-coupled devices and spectrographs, or the like, as 
exempli?ed by the systems described in Us. Pat. Nos. 
4,230,558, 4,811,218, or in Wheeless et al, pgs. 21—76, in 
Flow Cytometry: Instrumentation and Data Analysis 
(Academic Press, NeW York, 1985). 

“Linking group” means a moiety capable of reacting With 
a “complementary functionality” to form a “linkage.” A 
linking group and its associated complementary functional 
ity are referred to herein as a “linkage pair.” 

The term “nucleoside” refers to a compound comprising 
a purine, deaZapurine, or pyrimidine nucleobase, e.g., 
adenine, guanine, cytosine, uracil, thymine, 7-deaZaadenine, 
7-deaZaguanosine, and the like, that is linked to a pentose at 
the 1‘-position. When the nucleoside base is purine or 
7-deaZapurine, the pentose is attached to the nucleobase at 
the 9-position of the purine or deaZapurine, and When the 
nucleobase is pyrimidine, the pentose is attached to the 
nucleobase at the 1-position of the pyrimidine, (e.g., Korn 
berg and Baker, DNA Replication, 2nd Ed. (Freeman, San 
Francisco, 1992)). The term “nucleotide” as used herein 
refers to a phosphate ester of a nucleoside, e.g., a triphos 
phate ester, Wherein the most common site of esteri?cation 
is the hydroxyl group attached to the C-5 position of the 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

10 
pentose. The term “nucleoside/tide” as used herein refers to 
a set of compounds including both nucleosides and nucle 
otides. 
The term “polynucleotide” means polymers of nucleotide 

monomers, including analogs of such polymers, including 
double and single stranded deoxyribonucleotides, 
ribonucleotides, ot-anomeric forms thereof, and the like. 
Monomers are linked by “internucleotide linkages,” e.g., 
phosphodiester linkages, Where as used herein, the term 
“phosphodiester linkage” refers to phosphodiester bonds or 
bonds including phosphate analogs thereof, including asso 
ciated counterions, e.g., H", NH4+, Na”, if such counterions 
are present. Whenever a polynucleotide is represented by a 
sequence of letters, such as “ATGCCTG,” it Will be under 
stood that the nucleotides are in 5‘ to 3‘ order from left to 
right and that “A” denotes deoxyadenosine, “C” denotes 
deoxycytidine, “G” denotes deoxyguanosine, and “T” 
denotes deoxythymidine, unless otherWise noted. 

“Analogs” in reference to nucleosides/tides and/or poly 
nucleotides comprise synthetic analogs having modi?ed 
nucleobase portions, modi?ed pentose portions and/or modi 
?ed phosphate portions, and, in the case of polynucleotides, 
modi?ed internucleotide linkages, as described generally 
elseWhere (e.g., Scheit, Nucleotide Analogs (John Wiley, 
NeW York, (1980); Englisch, Angew. Chem. Int. Ed. Engl. 
30:613—29 (1991); AgraWal, Protocols for Polynacleotia'es 
and Analogs, Humana Press (1994)). Generally, modi?ed 
phosphate portions comprise analogs of phosphate Wherein 
the phosphorous atom is in the +5 oxidation state and one or 
more of the oxygen atoms is replaced With a non-oxygen 
moiety, e.g., sulfur. Exemplary phosphate analogs include 
but are not limited to phosphorothioate, phosphorodithioate, 
phosphoroselenoate, phosphorodiselenoate, 
phosphoroanilothioate, phosphoranilidate, 
phosphoramidate, boronophosphates, including associated 
counterions, e.g., H", NH4+, Na”, if such counterions are 
present. Exemplary modi?ed nucleobase portions include 
but are not limited to 2,6-diaminopurine, hypoxanthine, 
pseudouridine, C-5-propyne, isocytosine, isoguanine, 
2-thiopyrimidine, and other like analogs. Particularly pre 
ferred nucleobase analogs are iso-C and iso-G nucleobase 
analogs available from Sulfonics, Inc., Alachua, Fla. (e.g., 
Benner, et al., US. Pat. No. 5,432,272). Exemplary modi?ed 
pentose portions include but are not limited to 2‘- or 
3‘-modi?cations Where the 2‘- or 3‘-position is hydrogen, 
hydroxy, alkoxy, e.g., methoxy, ethoxy, allyloxy, 
isopropoxy, butoxy, isobutoxy and phenoxy, aZido, amino or 
alkylamino, ?uoro, chloro, bromo and the like. Modi?ed 
internucleotide linkages include phosphate analogs, analogs 
having achiral and uncharged intersubunit linkages (e.g., 
Sterchak, E. P., et al., Organic Chem, 52:4202 (1987)), and 
uncharged morpholino-based polymers having achiral inter 
subunit linkages (e.g., U.S. Pat. No. 5,034,506). A particu 
larly preferred class of polynucleotide analogs Where a 
conventional sugar and internucleotide linkage has been 
replaced With a 2-aminoethylglycine amide backbone poly 
mer is peptide nucleic acid (PNA) (e.g., Nielsen et al., 
Science, 254:1497—1500 (1991); Egholm et al., J. Am. 
Chem. Soc., 114: 1895—1897 (1992)). 
As used herein the term “primer-extension reagent” 

means a reagent comprising components necessary to effect 
an enZymatic template-mediated extension of a polynucle 
otide primer. Primer extension reagents include (1) a poly 
merase enZyme, e.g., a thermostable DNA polymerase 
enZyme such as Taq polymerase; (2) a buffer; (3) one or 
more chain-extension nucleotides, e.g., deoxynucleotide 
triphosphates, e.g., deoxyguanosine 5‘-triphosphate, 
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7-deaZadeoxyguanosine 5‘-triphosphate, deoxyadenosine 
5‘-triphosphate, deoxythymidine 5‘-triphosphate, deoxycyti 
dine 5‘-triphosphate; and, optionally in the case of Sanger 
type DNA sequencing reactions, (4) one or more chain 
terminating nucleotides, e.g., dideoxynucleotide 
triphosphates, e.g., dideoxyguanosine 5‘-triphosphate, 
7-deaZadideoxyguanosine 5‘-triphosphate, dideoxyadenos 
ine 5‘-triphosphate, dideoxythymidine 5‘-triphosphate, and 
dideoxycytidine 5‘-triphosphate. 

“Terminator” means a chemical entity that When incor 
porated into 3‘-end of a primer extension product prevents 
the further extension of such primer extension product. In 
the case of nucleotide terminators, When the nucleotide 
terminator includes a ribofuranose sugar portion, the 
3‘-position must not have a hydroxy group capable of being 
subsequently used by a polymerase to incorporate additional 
nucleotides. Alternatively, a ribofuranose analog could be 
used, such as arabinose. Exemplary nucleotide terminators 
include 2‘,3‘-dideoxy-[3-D-ribofuranosyl, [3-D 
arabinofuranosyl, 3‘—deoxy-[3-D-arabinofuranosyl, 
3‘—amino-2‘,3‘-dideoxy-[3-D-ribofuranosyl, and 2‘,3‘ 
dideoxy-3‘-?uoro-[3-D-ribofuranosyl (ChidgeavadZe et al., 
Nucleic Acids Research, 12: 1671—1686 (1984); and 
ChidgeavadZe et al., FEB. Lett., 183: 275—278 (1985)). 
Nucleotide terminators also include reversible nucleotide 
terminators (MetZker et al., NucleicAcia's Research, 22(20): 
4259 (1994)). 

“Water solubliZing group” means a substituent Which 
increases the solubility of the compounds of the invention in 
aqueous solution. Exemplary Water-solubiliZing groups 
include but are not limited charged or polar groups, e.g., 
quaternary amine, sulfate, sulfonate, carboxylate, 
phosphate, polyether, polyhydroxyl, and boronate. 

Those of skill in the art Will appreciate that many of the 
compounds encompassed by the formulae referred to herein 
contain chiral centers. In addition, the various compounds 
may further exhibit the phenomena of tautomerism, confor 
mational isomerism, or geometric isomerism. As the formu 
lae draWings Within this speci?cation can represent only one 
of the possible tautomeric, conformational isomeric, enan 
tiomeric or geometric isomeric forms, it should be under 
stood that the invention encompasses any tautomeric, con 
formational isomeric, enantiomeric or geometric isomeric 
forms of the compounds Which exhibit the desired activities 
and/or properties described herein. In addition, all molecular 
structures referred to herein, either through diagrams or 
terminology, are intended to encompass all protonation 
states and associated counterions thereof. 

II. Extended Rhodamine Dye Compounds 

In a ?rst aspect, the present invention comprises a novel 
class of extended rhodamine compounds having the general 
structure shoWn in Formula I immediately beloW. 

FORMULA I 
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R1 

Y1Y2N R2 
R13 

+ 

O / NY3Y4 
R11 

/ 
R10 R6 

R9 R8 R7 

The moiety R1 in the structures of Formula I taken alone 
is selected from the group consisting of —H, alkyl, alkyl 
independently substituted With one or more Z1, heteroalkyl, 
heteroalkyl independently substituted With one or more Z1, 
aryl, aryl independently substituted With one or more Z1, 
heteroaryl, heteroaryl independently substituted With one or 
more Z1, arylalkyl, arylalkyl independently substituted With 
one or more Z1, heteroarylalkyl, heteroarylalkyl indepen 
dently substituted With one or more Z1, halogen, —OS(O)2 
OR, —S(O)—2OR, —S(O)2R, —S(O)2NR, —S(O)R, —OP 
(O)O2RR, —P(O)O2RR, —C(O)OR, —NRR, —NRRR, 
—NC(O)R, —C(O)R, —C(O)NRR, —CN, and —OR, 
Wherein R is independently selected from the group con 
sisting of —H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkyl, 
heteroarylalkyl and linking group. 
As used here and throughout this disclosure, the substitu 

ent Z1 is selected from the group consisting of —R, halogen, 
—OS(O)2OR, —S(O)2OR, —S(O)2R, —S(O)2NR, —S(O) 
R, —OP(O)O2RR, —P(O)O2RR, —C(O)OR, —NRR, 
—NRRR, —NC(O)R, —C(O)R, —C(O)NRR, —CN, —0 
and —OR, Wherein R is independently selected from the 
group consisting of —H, alkyl, heteroalkyl, aryl, heteroaryl, 
arylalkyl, heteroarylalkyl and linking group. 

Alternatively, R1 may be taken together With R2, Y1, or 
Y2, Where the resulting combined substituent is selected 
from the group consisting of alkyleno, alkyleno indepen 
dently substituted With one or more Z1, heteroalkyleno, 
heteroalkyleno independently substituted With one or more 
Z1, aryleno, aryleno independently substituted With one or 
more Z1, heteroaryleno, and heteroaryleno independently 
substituted With one or more Z1. 

The moiety R2 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Alternatively, R2 may be taken together With R1, Where 
the combined substituent is selected from the group con 
sisting of alkyleno, alkyleno independently substituted With 
one or more Z1, heteroalkyleno, heteroalkyleno indepen 
dently substituted With one or more Z1, aryleno, aryleno 
independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 
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The moiety R3 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Or, R3 may be taken together With R4, Where the com 
bined substituent is selected from the group consisting of 
alkyleno, alkyleno independently substituted With one or 
more Z1, heteroalkyleno, heteroalkyleno independently sub 
stituted With one or more Z1, aryleno, aryleno independently 
substituted With one or more Z1, heteroaryleno, and het 
eroaryleno independently substituted With one or more Z1. 

The moiety R4 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

R4 may be taken together With R3, Y3, or Y4, Where the 
resulting combined substituent is selected from the group 
consisting of alkyleno, alkyleno independently substituted 
With one or more Z1, heteroalkyleno, heteroalkyleno inde 
pendently substituted With one or more Z1, aryleno, aryleno 
independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

Moiety R5 taken alone is selected from the group con 
sisting of —H, alkyl, alkyl independently substituted With 
one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Alternatively, R5 may be taken together With R6, Y3, or 
Y4, Where the resulting combined substituent is selected 
from the group consisting of alkyleno, alkyleno indepen 
dently substituted With one or more Z1, heteroalkyleno, 
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heteroalkyleno independently substituted With one or more 
Z1, aryleno, aryleno independently substituted With one or 
more Z1, heteroaryleno, and heteroaryleno independently 
substituted With one or more Z1. 

The moiety R6 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Or, R6 may be taken together With R5, R7, Y3, or Y4, 
Where the resulting combined substituent is selected from 
the group consisting of alkyleno, alkyleno independently 
substituted With one or more Z1, heteroalkyleno, heteroalky 
leno independently substituted With one or more Z1, aryleno, 
aryleno independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

The substituent R7 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Or, R7 may be taken together With R6, Where the resulting 
combined substituent is selected from the group consisting 
of alkyleno, alkyleno independently substituted With one or 
more Z1, heteroalkyleno, heteroalkyleno independently sub 
stituted With one or more Z1, aryleno, aryleno independently 
substituted With one or more Z1, heteroaryleno, and het 
eroaryleno independently substituted With one or more Z1. 

The moiety R8 is selected from the group consisting of 
—H, alkyl, alkyl independently substituted With one or more 
Z1, heteroalkyl, heteroalkyl independently substituted With 
one or more Z1, aryl, aryl independently substituted With one 
or more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, heteroary 
lalkyl independently substituted With one or more Z1. 

In one preferred embodiment, R8 is alkyl independently 
substituted With one or more substituents selected from the 

group consisting of halogen, —C(O)R, and —S(O)2R 
Wherein R is independently selected from the group con 
sisting of —H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkyl, 
heteroarylalkyl and linking group. In a particularly preferred 
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embodiment, R is selected from the group consisting of 
—OH, —O-alkyl, —NH2, —N-alkyl and linking group. 

In another preferred embodiment, R8 is —CF3. 
In yet another preferred embodiment, R8 is 

Wherein Z26 and Z27 are each independently selected from 
the group consisting of hydrogen, —OS(O)2OR, —S(O)2 
OR, —S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, 
—P(O)O2RR, —C(O)OR, —NRR, —NRRR, —NC(O)R, 
—C(O)R, —C(O)NRR, —NC(O)R, R, and —OR, Wherein 
R is independently selected from the group consisting of 
—H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkyl, het 
eroarylalkyl and linking group. And, X1, X2, X3, X4, and X5 
are each independently selected from the group consisting of 
hydrogen, —Cl, —Br and —F. Indicies n and m are integers 
each independently ranging from 0 to 5. In tWo particularly 
preferred embodiments, X1 and X2 are each —H, or 
alternatively, X1, X2, X4, and X5 are each —F. 

In a particularly important preferred embodiment of the 
compounds of the present invention, R8 has the structure 

Wherein Z21, Z22, Z23, Z24 and Z25 each taken separately are 
Z1. In one particularly preferred embodiment, Z21, Z22, Z23, 
Z24 and Z25 are each independently selected from the group 
consisting of —H, halogen, C1 to C3 alkyl, —C(O)OR, 
—C(O)R, —S(O)2OR, —S(O)2R, and —CHZOR, Wherein 
R is independently selected from the group consisting of 
—H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkyl, het 
eroarylalkyl and linking group. In another particularly pre 
ferred embodiment, one or more of Z21, Z22, Z23, Z24 or Z25 
is —F or —Cl. In yet another particularly preferred 
embodiment, Z21 is —C(O)OH. In another particularly 
preferred embodiment, Z21 is —C(O)OH, and one of Z23 or 
Z24 is —C(O)OH. In yet another particularly preferred 
embodiment, Z22 and Z25 are each —Cl. In another particu 
larly preferred embodiment, Z22, Z23, Z24 and Z25 are all 
—F or all Cl. In another particularly preferred embodiment, 
Z21 is —S(O)2OH and one of Z23 or Z24 is —C(O)OH. In 
yet another particularly preferred embodiment, Z21 is 
—C(O)OR and one of Z22, Z23, or Z24 is linking group. 

In another preferred embodiment, R8 is selected from 
among the group consisting of 
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Wherein LG is linking group. 
The moiety R9 taken alone is selected from the group 

consisting of —H, alkyl alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Alternatively, R9 may be taken together With R10, Where 
the resulting combined substituent is selected from the group 
consisting of alkyleno, alkyleno independently substituted 
With one or more Z1, heteroalkyleno, heteroalkyleno inde 
pendently substituted With one or more Z1, aryleno, aryleno 
independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

R1O taken alone is selected from the group consisting of 
—H, alkyl, alkyl independently substituted With one or more 
Z1, heteroalkyl, heteroalkyl independently substituted With 
one or more Z1, aryl, aryl independently substituted With one 
or more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, heteroary 
lalkyl independently substituted With one or more Z1, 
halogen, —OS(O)2OR, —S(O)2OR, —S(O)2R, —S(O)2 
NR, —S(O)R, —OP(O)O2RR, —P(O)O2RR, —C(O)OR, 
—NRR, —NRRR, —NC(O)R, —C(O)R, —C(O)NRR, 
—CN, and —OR, Wherein R is independently selected from 
the group consisting of —H, alkyl, heteroalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyl and linking group. 

Or, When R10 is taken together With R9 or R11, the 
resulting combined substituent is selected from the group 
consisting of alkyleno, alkyleno independently substituted 
With one or more Z1, heteroalkyleno, heteroalkyleno inde 
pendently substituted With one or more Z1, aryleno, aryleno 
independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 
RM taken alone is selected from the group consisting of 

—H, alkyl, alkyl independently substituted With one or more 
Z1, heteroalkyl, heteroalkyl independently substituted With 
one or more Z1, aryl, aryl independently substituted With one 
or more Z1, heteroaryl, heteroaryl independently substituted 
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With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, heteroary 
lalkyl independently substituted With one or more Z1, 

halogen, —OS(O)2OR, —S(O)2OR, —S(O)2R, —S(O)2 
NR, —S(O)R, —OP(O)O2RR, —P(O)O2RR, —C(O)OR, 
—NRR, —NRRR, —NC(O)R, —C(O)R, —C(O)NRR, 
—CN, and —OR, Wherein R is independently selected from 
the group consisting of —H, alkyl, heteroalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyl and linking group. 

Alternatively, R11 may be taken together With R10, Y1 or 
Y2, Where the resulting combined substituent is selected 
from the group consisting of alkyleno, alkyleno indepen 
dently substituted With one or more Z1, heteroalkyleno, 
heteroalkyleno independently substituted With one or more 
Z1, aryleno, aryleno independently substituted With one or 
more Z1, heteroaryleno, and heteroaryleno independently 
substituted With one or more Z1. 

R13 taken alone is selected from the group consisting of 
—H, alkyl, alkyl independently substituted With one or more 
Z1, heteroalkyl, heteroalkyl independently substituted With 
one or more Z1, aryl, aryl independently substituted With one 
or more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, heteroary 
lalkyl independently substituted With one or more Z1, 

halogen, —OS(O)2OR, —S(O)2OR, —S(O)2R, —S(O)2 
NR, —S(O)R, —OP(O)O2RR, —P(O)O2RR, —C(O)OR, 
—NRR, —NRRR, —NC(O)R, —C(O)R, —C(O)NRR, 
—CN, and —OR, Wherein R is independently selected from 
the group consisting of —H, alkyl, heteroalkyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyl and linking group. 

Alternatively, R13 may be taken together With Y3 or Y4, 
Where the resulting combined substituent is selected from 
the group consisting of alkyleno, alkyleno independently 
substituted With one or more Z1, heteroalkyleno, heteroalky 
leno independently substituted With one or more Z1, aryleno, 
aryleno independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

In one preferred embodiment, one or more of R1, R4, R5, 
R6, R7, R9, R10, R11 and R13 is each independently —S(O)2 
OH, or is each independently —F or —Cl, or is each 
independently aryl or aryl independently substituted With 
one or more Z1. 

Y1 taken alone is selected from the group consisting of 
—H, alkyl, alkyl independently substituted With one or more 
Z1, heteroalkyl, heteroalkyl independently substituted With 
one or more Z1, aryl, aryl independently substituted With one 
or more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, and het 
eroarylalkyl independently substituted With one or more Z1. 

Or, Y1 may be taken together With R1, R11 or Y2, Where 
the resulting combined substituent is selected from the group 
consisting of alkyleno, alkyleno independently substituted 
With one or more Z1, heteroalkyleno, heteroalkyleno inde 
pendently substituted With one or more Z1, aryleno, aryleno 
independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

Moiety Y2 taken alone is selected from the group con 
sisting of —H, alkyl, alkyl independently substituted With 
one or more Z1, heteroalkyl, heteroalkyl independently 
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substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, and heteroarylalkyl independently substi 
tuted With one or more Z1. 

Alternatively, Y2 may be taken together With R1, R11 or 
Y1, Where the resulting combined substituent is selected 
from the group consisting of alkyleno, alkyleno indepen 
dently substituted With one or more Z1, heteroalkyleno, 
heteroalkyleno independently substituted With one or more 
Z1, aryleno, aryleno independently substituted With one or 
more Z1, heteroaryleno, and heteroaryleno independently 
substituted With one or more Z1. 

Y3 taken alone is selected from the group consisting of 
—H, alkyl, alkyl independently substituted With one or more 
Z1, heteroalkyl, heteroalkyl independently substituted With 
one or more Z1, aryl, aryl independently substituted With one 
or more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, and het 
eroarylalkyl independently substituted With one or more Z1. 

Or, Y3 may be taken together With R4, R5, R6, R13 or Y4, 
Where the resulting combined substituent is selected from 
the group consisting of alkyleno, alkyleno independently 
substituted With one or more Z1, heteroalkyleno, heteroalky 
leno independently substituted With one or more Z1, aryleno, 
aryleno independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

Y4 is absent, or Y4 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, and heteroarylalkyl independently substi 
tuted With one or more Z1. 

Instead, Y4 may be taken together With R4, R5, R6, R13 or 
Y3, Where the resulting combined substituent is selected 
from the group consisting of alkyleno, alkyleno indepen 
dently substituted With one or more Z1, heteroalkyleno, 
heteroalkyleno independently substituted With one or more 
Z1, aryleno, aryleno independently substituted With one or 
more Z1, heteroaryleno, and heteroaryleno independently 
substituted With one or more Z1. 

In one preferred embodiment, at least one of Y1, Y2, Y3, 
or Y4 taken separately is selected from the group consisting 
of —H, alkyl, aryl and arylalkyl. 

In another preferred embodiment of the compounds of the 
present invention, Y1 is taken together With R1 or RM and is 
C2 or C3 alkyleno or alkyleno independently substituted 
With one or more Z1, or Y2 is taken together With R1 or R11 
and is C2 or C3 alkyleno or alkyleno independently substi 
tuted With one or more Z1, or Y3 is taken together With R4 
or R5 or R6 or R13 and is C2 or C3 alkyleno or alkyleno 
independently substituted With one or more Z1, or Y4 is 
taken together With R4 or R5 or R6 or R13 and is C2 or C3 
alkyleno or alkyleno independently substituted With one or 
more Z1. In a particularly preferred embodiment, the C2 or 
C3 substituted alkyleno is gem disubstituted With C1 to C3 
alkyl, most preferably methyl. 
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-continued 

H3C CH3 

III. Amino HydroXy Napthyl Intermediate 
Compounds 

In a second aspect, the present invention comprises a 
novel class of amino hydroXy napthyl intermediate com 
pounds useful for the preparation of the above-described 
eXtended rhodamine compounds, the general structure of 
Which is provided immediately beloW. 

FORMULA II 

The moiety R1 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Alternatively, When R1 is taken together With R2, Y1, or 
Y2, the resulting combined substituent is selected from the 
group consisting of alkyleno, alkyleno independently sub 
stituted With one or more Z1, heteroalkyleno, heteroalkyleno 
independently substituted With one or more Z1, aryleno, 
aryleno independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

The moiety R2 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
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R, —C(O)NRR, —CN, and —OR, wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Or, R2 may be taken together With R1, Where the resulting 
combined substituent is selected from the group consisting 
of alkyleno, alkyleno independently substituted With one or 
more Z1, heteroalkyleno, heteroalkyleno independently sub 
stituted With one or more Z1, aryleno, aryleno independently 
substituted With one or more Z1, heteroaryleno, and het 
eroaryleno independently substituted With one or more Z1. 

The moiety R9 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Alternatively, R9 may be taken together With R10, Where 
the resulting combined substituent is selected from the group 
consisting of alkyleno, alkyleno independently substituted 
With one or more Z1, heteroalkyleno, heteroalkyleno inde 
pendently substituted With one or more Z1, aryleno, aryleno 
independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

The moiety R1O taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Or, R1O may taken together With R9 or R11, Where the 
resulting combined substituent is selected from the group 
consisting of alkyleno, alkyleno independently substituted 
With one or more Z1, heteroalkyleno, heteroalkyleno inde 
pendently substituted With one or more Z1, aryleno, aryleno 
independently substituted With one or more Z1, 
heteroaryleno, and heteroaryleno independently substituted 
With one or more Z1. 

The moiety R11 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1, halogen, —OS(O)2OR, —S(O)2OR, 
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—S(O)2R, —S(O)2NR, —S(O)R, —OP(O)O2RR, —P(O) 
OZRR, —C(O)OR, —NRR, —NRRR, —NC(O)R, —C(O) 
R, —C(O)NRR, —CN, and —OR, Wherein R is indepen 
dently selected from the group consisting of —H, alkyl, 
heteroalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and 
linking group. 

Alternatively, R11 may be taken together With R10, Y1 or 
Y2, Where the resulting combined substituent is selected 
from the group consisting of alkyleno, alkyleno indepen 
dently substituted With one or more Z1, heteroalkyleno, 
heteroalkyleno independently substituted With one or more 
Z1, aryleno, aryleno independently substituted With one or 
more Z1, heteroaryleno, and heteroaryleno independently 
substituted With one or more Z1. 

In a preferred embodiment, one or more of R1, R2, R9, R10 
and R11 is each independently —S(O)2OH. In another 
preferred embodiment, one or more of R1, R2, R9, R10 and 
R11 is each independently —F or —Cl. In yet another 
preferred embodiment, one or more of R1, R2, R9, R10 and 
R11 is each independently aryl or aryl independently sub 
stituted With one or more Z1. 

The moiety R12 is selected from the group consisting of 
—H and —C(O)R8, Where R8 is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, heteroarylalkyl independently substituted 
With one or more Z1. 

The moiety Y1 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, and heteroarylalkyl independently substi 
tuted With one or more Z1. 

Alternatively, Y1 may be taken together With R1, R11 or 
Y2, Where the resulting combined substituent is selected 
from the group consisting of alkyleno, alkyleno indepen 
dently substituted With one or more Z1, heteroalkyleno, 
heteroalkyleno independently substituted With one or more 
Z1, aryleno, aryleno independently substituted With one or 
more Z1, heteroaryleno, and heteroaryleno independently 
substituted With one or more Z1. 

The moiety Y2 taken alone is selected from the group 
consisting of —H, alkyl, alkyl independently substituted 
With one or more Z1, heteroalkyl, heteroalkyl independently 
substituted With one or more Z1, aryl, aryl independently 
substituted With one or more Z1, heteroaryl, heteroaryl 
independently substituted With one or more Z1, arylalkyl, 
arylalkyl independently substituted With one or more Z1, 
heteroarylalkyl, and heteroarylalkyl independently substi 
tuted With one or more Z1. 

Alternatively, Y2 may be taken together With R1, R11 or 
Y1, Where the resulting combined substituent is selected 
from the group consisting of alkyleno, alkyleno indepen 
dently substituted With one or more Z1, heteroalkyleno, 
heteroalkyleno independently substituted With one or more 
Z1, aryleno, aryleno independently substituted With one or 
more Z1, heteroaryleno, and heteroaryleno independently 
substituted With one or more Z1. 

In one preferred embodiment, at least one of Y1 or Y2 
taken separately is selected from the group consisting of 
—H, alkyl, aryl and arylalkyl. 
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In another preferred embodiment, Y1 is taken together 
With R1 or RM and is C2 or C3 alkyleno or alkyleno 
independently substituted With one or more Z1, or Y2 is 
taken together With R1 or R11 and is C2 or C3 alkyleno or 
alkyleno independently substituted With one or more Z1. 
Preferably, the C2 or C3 substituted alkyleno is gem disub 
stituted With C1 to C3 alkyl most preferably methyl. 

Several exemplary preferred structures according to this 
embodiment are provided immediately beloW. 

T1 
CH3 N 

CH3 I 
OH 

T1 
CH3 N 

CH3 I 
OH 

CH3 

H3C CH3 
Y1 

N Y1—N 
CH3 

CH3 

HO HO 

H3C CH3 
H3C CH3 

N—Y1 N—Y1 

HO HO 

IV. Synthesis of Extended Rhodamine Dye 
Compounds and Amino Hydroxy Napthyl 

Intermediates 

A. Synthesis of Extended Rhodamine Dyes 
Several synthetic methods are available for the synthesis 

of the extended rhodamine dyes of the present invention. 
A?rst preferred synthesis method is summariZed beloW in 

Scheme 1. This ?rst method yields a symmetrically substi 
tuted extended rhodamine dye, i.e., a dye in Which moieties 
R1 and R4 are the same, moieties R2 and R3 are the same, 
moieties R11 and R5 are the same, moieties R10 and R6 are 
the same, moieties R9 and R7 are the same, moieties Y1 and 
Y3 are the same, and moieties Y2 and Y4 are the same. In this 
?rst preferred method, one equivalent of an aminonaphthol 
intermediate 1 and one equivalent of an aminonaphthol 
intermediate 2, Where moieties R1, R2, R11, R10, R9, Y1 and 
Y2 of intermediate 1 are the same as moieties R4, R3, R5, R6, 
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R7, Y3 and Y4 of intermediate 2, respectively, are combined 
With one equivalent of carboxylic acid intermediate 3 in the 
presence of a strong acid, e.g., sulfuric acid, methane 
sulfonic acid, or tri?ic acid, or alternatively a Lewis acid 
such as aluminum chloride or Zinc chloride. At least 3 molar 
equivalents of acid, based on molar equivalents of interme 
diate 3, are used. The reaction is conducted in an inert 
solvent e.g., methylene chloride or nitrobenZene, or no 
solvent other than the acid. The reaction is heated at tem 
peratures from about 50° C. to about 200° C. from about 1 
hr to about 24 hr under an inert atmosphere of nitrogen, 
helium, argon, or other non-reactive gas. The condensation 
yields the extended rhodamine dye 4 in a single step. The 
acid is removed by dissolution of the reaction mixture into 
a Water insoluble solvent, such as methylene dichloride, and 
extraction of the acid With Water. The product can be isolated 
from the by-products and starting materials by chromatog 
raphy on silica gel, With for example, a ternary solvent 
system such as methylene dichloridezmethanol:acetic acid in 
ratios of about 2001205 to about 20:20:5, respectively. 
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A second preferred synthesis method is summariZed 
beloW in Schemes 2a and 2b. This second method can yield 
either a symmetrically substituted or non-symmetrically 
substituted extended rhodamine dye. In this second pre 
ferred method, one equivalent of an aminonaphthol inter 
mediate 1 is reacted With one equivalent of an activated form 
of the carboxylic acid intermediate 3, eg in the form of the 
acid chloride derivative of intermediate 3, in the presence of 
a LeWis acid catalyst, e.g., aluminum chloride, in a solvent, 
e.g., nitrobenZene, to yield an aminonaphthol ketone inter 
mediate 5. The ketone 5 is isolated by dissolution of the 
reaction mixture into a Water insoluble solvent, such as 
methylene dichloride, and extraction aluminum salts With 
aqueous acid such as HCl. The ketone product can be 
isolated from impurities and starting materials by chroma 
tography on silica gel, With, for example, a ternary solvent 
system such as methylene dichloridezmethanol:acetic acid in 
ratios of about 2001205 to about 20:20:5, respectively. The 
puri?ed ketone 5 is then reacted With one equivalent of a 
second aminonaphthol intermediate 2 in the presence of a 
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strong acid, such as sulfuric acid, methane sulfonic acid, or 
tri?ic acid, or a LeWis acid such as aluminum chloride or 
Zinc chloride. At least 3 molar equivalents of acid, based on 
molar equivalents of intermediate 2, are used With an inert 
solvent such as methylene chloride or nitrobenZene, or no 
solvent other than the acid catalyst. The reaction is heated at 
about 50° C. to about 200° C. from about 1 hr to about 24 
hr under an inert atmosphere, e.g., nitrogen, helium, argon, 
or other non-reactive gas. The acid is then removed by 
dissolution of the reaction miXture into a Water insoluble 
solvent, such as methylene dichloride, and extraction of the 
acid With Water. The product can be isolated from the 
by-products and starting materials by chromatography on 
silica gel, With, for eXample, a ternary solvent system such 
as methylene dichloridezmethanol:acetic acid in ratios of 
about 200:20:5 to about 20:20:5, respectively. (Scheme 2a). 
Alternatively, the ketone 5 is reacted With one equivalent of 
a meta-hydroXy aniline 70 under the same reaction condi 
tions and isolation procedures described for Scheme 2a to 
yield the hybrid rhodamine-extended rhodamine dye 71 
shoWn in Scheme 2b. 
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Scheme 2b 

R1 

Y2Y1N R2 
B O 

+ 

OH 

R11 R8 

R10 

R9 
1 3 

i LeWis Acid 

R1 
R13 

Y2Y1N R2 
HO NY3Y4 

+ 

OH 

R11 R 
6 

O 

R10 R7 

R9 R3 
5 70 

1 Acid 
R1 

Y2Y1N R2 
R13 

O NY3Y4 
R11 

R10 R6 

R9 R8 R7 

71 

A third synthetic method Which can yield either a sym 
metrical or unsymmetrical dye 4 is summariZed beloW in 
Scheme 3. In this method, When none of Y1, Y2, Y3 and Y4 
hydrogen, a diaryl ether 7 is synthesiZed by a condensation 
of intermediate 1 With intermediate 6, Where A is bromine, 
iodine, tri?ate, or other group that is active toWard catalysis 
With transition metals. For eXample, When A is bromide or 
iodide, intermediate 1 and intermediate 6 are condensed 
under conditions of the Ullmann Reaction With sodium 
hydroxide at temperatures or 150° C. to 200° C. in inert 
solvents such as N-methylpyrrolidone in the presence of 
Cu(I) salts. 

Alternatively, the condensation is performed With the 
same intermediates using cesium carbonate at 80° C. to 100° 
C. in toluene in the presence of palladium. HoWever, if Y1 
or Y2 on 7 is hydrogen, or ifY3 or Y4 on 6 is hydrogen, prior 
to the condensation reaction, the associated nitrogen must be 
protected. An eXample of a nitrogen protecting group that is 
stable to the basic conditions used for the transition metal 
catalysts is t-butyl carbamate, Which is prepared from 
chloro-t-butylcarbonate and the aminonaphthol intermediate 
1 and/or the naphthylamine intermediate 6. The protecting 
group is then removed from compound 7 using a strong acid 
such as tri?uoroacetic acid. FolloWing the condensation 
reaction, the ether 7 is then reacted With properly substituted 
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intermediate 3 in the presence of acid and heat to yield the 
dye 4. 

B. Synthesis of Intermediate Compounds 
Compound 3 
TWo preferred generalized structures (8 and 9) of com 

pound 3 are presented immediately beloW. Substituent B on 
8 or 9 may be —OH, a halogen, e.g., —F, —Cl, —Br, 
—OS(O)2OH, or —C(O)OH. Alternatively, When B is taken 
together With Z25 of compound 8 or Z26 of compound 9, the 
combination is preferably —C(O)O—, or —S(O)O—, or 
any other group useful for activation of a carboxylic acid. 
Preferred X, Z21, Z22, Z23, Z24, Z25, Z26, and Z27 are as 
discussed above. 
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28 
-continued 

Z25 — CX 

Compound 19 
Compound 19 may be prepared in 12 steps from substi 

tuted naphthalene 10 as shoWn beloW in Scheme 5. Com 
pound 10 is converted to its tri?ate 11 by reaction With 
tri?uoromethane sulfonyl chloride in pyridine. Next, com 
pound 11 is reacted With 2-sodium dimethyl malonate in the 
presence of a palladium catalyst to yield malonate derivative 
12. The methyl esters of 12 are hydrolyZed to 
di-carboxylates With sodium hydroxide in methanol, and the 
di-acid is obtained after neutraliZation With a strong acid 
such as HCl. The diacid is decarboxylated at elevated 
temperature to yield acetic acid derivative 13. The carboxy 
lic acid 13 is converted to its acid chloride With oxalyl 
chloride in an inert solvent such as methylene dichloride; the 
acid chloride is isolated by removal of the solvent and the 
excess oxalyl chloride by evaporation, and is converted to 
the amide 14 by reaction With an amine in an inert solvent 
such as methylene dichloride. The methyl group on 14 is 
removed With HBr to yield the phenol 15, and 15 is then 
converted to tri?ate 16 With tri?uoromethane sulfonyl chlo 
ride in pyridine. The amide hydrogen is removed by reaction 
With sodium hydride, folloWed by displacement of the 
tri?ate With the amide anion catalyZed With palladium in a 
solvent such as toluene to yield the lactam 17. The amide 
carbonyl portion of 17 is removed by reduction With lithium 
aluminum hydride in an ether solvent such as diethyl ether 
yielding cyclic amine 18. The nitro group on 18 is reduced 
to a primary amino group by reduction With palladium 
catalyst and hydrogen gas in a solvent that is inert to 
hydrogenation such as methanol; the primary amino group is 
converted to its diaZonium salt With nitrous acid in Water, 
and the diaZo group is displaced With hydroxide by treat 
ment With aqueous sodium hydroxide to yield the aminon 
aphthol dye intermediate 19. The intermediate 19 is isolated 
by neutraliZation of the reaction mixture With a strong acid, 
such as HCl, and extraction of 19 from the aqueous mixture 
into an organic solvent, such as methylene dichloride. 
Compound 23 

Nitro lactam 17 in Scheme 5 is converted to its imidate 
ester 20 by reaction With trimethyloxonium tetra?uoroborate 
in methylene chloride. The methoxy group of the imidate 
ester is then displaced With a methyl group using methyl 
lithium in toluene to yields the gem-dimethyl cyclic amine 
21. The nitro group on 21 is reduced to an amino group by 
reduction With palladium and hydrogen gas in a solvent that 
is inert to hydrogenation such as methanol; the amino group 
is then converted to its diaZonium salt With nitrous acid in 
Water to yield 22, and the diaZo group is displaced With 
hyroxide by treatment With aqueous sodium hydroxide to 
yield the aminonaphthol dye intermediate 23. The interme 
diate 23 is isolated by neutraliZation of the reaction mixture 
With a strong acid, such as HCl, and extraction of 23 from 
the aqueous mixture into an organic solvent, such as meth 
ylene dichloride. Note that the substituent R in Scheme 5 is 
selected from the group consisting of —H, alkyl, alkyl 
independently substituted With one or more Z1, heteroalkyl, 
heteroalkyl independently substituted With one or more Z1, 
aryl, aryl independently substituted With one or more Z1, 
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Compound 27 
Compound 27 may be prepared in 3 steps from aminophe 

nol 24 as shoWn in Scheme 6 below. Aminonaphthol 24 is 
acylated on the nitrogen With 2-bromoacetyl chloride in 

32 
Compound 30 
Compound 30 may be prepared in 3 steps from aminon 

aphthol 24 as shoWn in Scheme 6 below. Aminonaphthol 24 
is acylated on the nitrogen With 2-bromo-2-methyl pro 

pyridine, yielding amide 25. The amide 25 is cycliZed by 5 panoyl chloride in pyridine, yielding amide 28. The amide 
treatment With a LeWis acid e.g., aluminum chloride, in an 
inert solvent such as nitrobenZene yielding lactam 26. The 
amide carbonyl portion of 26 is removed by reduction With 
lithium aluminum hydride in an ether solvent such as diethyl 
ether yielding cyclic amine 27. The dye intermediate 27 is 
isolated by neutraliZation of the aluminum salts With a 
strong acid such as HCl, and extraction into an organic 
solvent such as methylene dichloride. Note that the substitu 

HO 
24 

HO 

28 is cycliZed by treatment With a LeWis acid such as 
aluminum chloride in an inert solvent such as nitrobenZene 
yielding lactam 29. The amide carbonyl portion of 29 is 
removed by reduction With lithium aluminum hydride in an 
ether solvent such as diethyl ether yielding cyclic amine 30. 
The dye intermediate 30 is isolated by neutraliZation of the 
aluminum salts With a strong acid such as HCl, and eXtrac 
tion into an organic solvent such as methylene dichloride. 

Scheme 6 
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ent R in Scheme 6 is selected from the group consisting of 60 Compound 39 
—H, alkyl, alkyl independently substituted With one or more 
Z1, heteroalkyl, heteroalkyl independently substituted With 
one or more Z1, aryl, aryl independently substituted With one 
or more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, and het 
eroarylalkyl independently substituted With one or more Z1. 

65 

Compound 39 may be prepared in 14 steps from substi 
tuted naphthalene 11 as shoWn beloW in Scheme 7. Tri?ate 
11 is converted to an aldehyde by displacing the tri?ate 
group With carbon monoXide in the presence of hydrogen 
gas using a palladium catalyst in a solvent inert to 
hydrogenation, e.g., methanol. The aldehyde is reduced to an 
alcohol With a hydride reducing agent, e.g., lithium alu 
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minuim hydride, in an ether solvent, or, sodium borohydride 
in an alcohol solvent, e.g., ethanol. The alcohol is converted 
to the bromide 31 by reaction With HBr in Water. Compound 
31 is reacted With 2-sodium-dimethyl malonate in a solvent 
that Will solubliZe the malonate sodium salt Without 
exchanging the sodium cation, e.g., methanol, to yield 
malonate derivative 32. The methyl esters of 32 are hydro 
lyZed to di-carboxylates With sodium hydroxide in 
methanol, and the di-acid is obtained after neutralization 
With a strong acid such as HCl. The diacid is decarboxylated 
at elevated temperature to yield acetic acid derivative 33. 
The carboxylic acid 33 is converted to its acid chloride With 
oxalyl chloride in an inert solvent such as methylene dichlo 
ride. The acid chloride is isolated by removal of the solvent 
and the excess oxalyl chloride by evaporation, and is con 
verted to the amide 34 by reaction With an amine in an inert 
solvent such as methylene dichloride. The methyl group on 
34 is removed With aqueous HBr to yield the phenol 35. 
Compound 35 is then converted to tri?ate 36 With tri?uo 
romethane sulfonyl chloride in pyridine. Removal of the 
amide hydrogen With sodium hydride, folloWed by displace 
ment of the tri?ate With the amide anion catalyZed With 
palladium as in scheme 5 yields lactam 37. The amide 
carbonyl portion of 37 is removed by reduction With lithium 
aluminum hydride in an ether solvent such as diethyl ether 
yielding cyclic amine 38. The nitro group on 38 is reduced 
to a primary amino group by reduction With palladium 
catalyst and hydrogen gas in a solvent that isn’t subject to 
hydrogenation such as methanol. The primary amino group 
is converted to its diaZonium salt With nitrous acid in Water, 
and the diaZo group is displaced With hyroxide by treatment 

15 

25 

34 
naphthyl dye intermediate 39. The intermediate 39 is iso 
lated by neutraliZation of the reaction mixture With a strong 
acid, such as HCl, and extraction of 39 from the aqueous 
mixture into an organic solvent, such as methylene dichlo 
ride. Note that the substituent R in Scheme 7 is selected from 
the group consisting of —H, alkyl, alkyl independently 
substituted With one or more Z1, heteroallyl, heteroalkyl 
independently substituted With one or more Z1, aryl, aryl 
independently substituted With one or more Z1, heteroaryl, 
heteroaryl independently substituted With one or more Z1, 
arylalkyl, arylalkyl independently substituted With one or 
more Z1, heteroarylalkyl, and heteroarylalkyl independently 
substituted With one or more Z1, 

Compound 43 
Nitro lactam 37 in Scheme 7 is converted to its imidate 

ester 40 by reaction With trimethyl oxonium tetra?uorobo 
rate in methylene chloride. The methoxy group of the 
imidate ester is then displaced With a methyl group using 
methyl lithium in toluene to yield the gem-dimethyl cyclic 
amine 41. The nitro group on 41 is reduced to a primary 
amino group by reduction With palladium and hydrogen gas 
in a solvent that isn’t subject to hydrogenation such as 
methanol; the primary amino group is then converted to its 
diaZonium salt With nitrous acid in Water to yield 42, and the 
diaZo group is displaced With hyroxide by treatment With 
aqueous sodium hydroxide to yield the amino hydroxyl 
naphthyl dye intermediate 43. The intermediate 43 is iso 
lated by neutraliZation of the reaction mixture With a strong 
acid, such as HCl, and extraction of 43 from the aqueous 
mixture into an organic solvent, such as methylene dichlo 

With aqueous sodium hydroxide to yield the amino hydroxyl ride. 
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Compound 46 
Compound 46 may be prepared in 3 steps from aminophe 

nol 24 as shoWn in Scheme 8 below. Aminonaphthol 24 is 
acylated on the nitrogen With 3-chloropropanoyl chloride in 
pyridine, yielding amide 44. The amide 44 is cycliZed by 
treatment With a LeWis acid such as aluminum chloride in an 
inert solvent such as nitrobenZene yielding lactam 45. The 
amide carbonyl portion of 45 is removed by reduction With 
lithium aluminum hydride in an ether solvent such as diethyl 
ether yielding cyclic amine 46. The dye intermediate 46 is 
isolated by neutraliZation of the aluminum salts With a 
strong acid such as HCl, and extraction into an organic 
solvent such as methylene dichloride. Note that the substitu 
ent R in Scheme 8 is selected from the group consisting of 
—H, alkyl alkyl independently substituted With one or more 
Z1, heteroalkyl, heteroalkyl independently substituted With 

one or more Z1, aryl, aryl independently substituted With one 
or more Z1, heteroaryl, heteroaryl independently substituted 
With one or more Z1, arylalkyl, arylalkyl independently 
substituted With one or more Z1, heteroarylalkyl, and het 
eroarylalkyl independently substituted With one or more Z1, 
Compound 48 
Compound 48 may be prepared in 2 steps from lactam 45 

as shoWn beloW in Scheme 8. Lactam 45 in Scheme 8 is 
converted to its imidate ester 47 by reaction With trimethy 
loXonium tetra?uoroborate in methylene chloride. The 
methoXy group of the imidate ester is then displaced With a 
methyl group using methyl lithium in toluene to yield the 
gem-dimethyl cyclic amine 48. The dye intermediate 48 is 
isolated by neutraliZation of the lithium salts With a strong 
acid such as HCl, and extraction into an organic solvent such 
as methylene dichloride. 
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Compounds 51 and 54 
As shown in scheme 9, starting With intermediate 30, a 

bi-cyclic structure 51 With tWo S-membered rings can be 
synthesized in 3 steps. Aminonaphthol 30 is acylated on the 
nitrogen With 2-bromoacetyl chloride in pyridine, yielding 
amide 49. The amide 49 is cycliZed by treatment With a 
LeWis acid such as aluminum chloride in an inert solvent 
such as nitrobenZene yielding lactam 50. The amide carbo 
nyl portion of 45 is removed by reduction With lithium 
aluminum hydride in an ether solvent such as diethyl ether 
yielding cyclic amine 51. The dye intermediate 51 is isolated 
by neutraliZation of the aluminum salts With a strong acid 
such as HCl, and extraction into an organic solvent such as 
methylene dichloride. Note that the substituent R in Scheme 
9 is selected from the group consisting of —H, allyl, alkyl 
independently substituted With one or more Z1, heteroalkyl, 
heteroalkyl independently substituted With one or more Z1, 
aryl, aryl independently substituted With one or more Z1, 
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heteroaryl, heteroaryl independently substituted With one or 
more Z1, arylalkyl, arylalkyl independently substituted With 
one or more Z1, heteroarylalkyl, and heteroarylalkyl inde 
pendently substituted With one or more Z1. 

As shoWn in scheme 9, a bi-cyclic structure 54 With both 
a 5- and a 6-membered ring may be prepared from 30 in 
three steps. Aminonaphthol 30 is acylated on the nitrogen 
With 3-chloropropanoyl chloride in pyridine, yielding amide 
52. The amide 52 is cycliZed by treatment With a LeWis acid 
such as aluminum chloride in an inert solvent such as 

nitrobenZene yielding lactam 54. The amide carbonyl por 
tion of 54 is removed by reduction With lithium aluminum 
hydride in an ether solvent such as diethyl ether yielding 
cyclic amine 51. The dye intermediate 51 is isolated by 
neutraliZation of the aluminum salts With a strong acid such 
as HCl, and extraction into an organic solvent such as 
methylene dichloride. 
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